 DIN 3996-2012. 
INTRODUCTION
Worm gears are widely used in tool machines, transport equipment, in vehicles, primarily for power transmission, as well as in fine-tuning and precision devices for movement transmission. Worm pairs load capacity is nowadays based on the DIN 3996 [1] , which was introduced with dimensionless physical parameters, pressure parameter p m *, oil film thickness parameter h* and mean slip path parameter s*. Current information regarding the load capacity of worm pairs use the median surface pressure on flank σ Hlim of the output torque T 2 as authoritative criteria for the calculation of the flank load capacity. A prerequisite for a correct estimation of worm gear flanks load capacity regards to wear is the accurate knowledge of local flank teeth strain in different coupling conditions. In the case of worm gear drive the absence of flank teeth wear has almost never been recorded. Research studies [2] show that worm pairs mostly operate under conditions of mixed friction. This indicates that tooth flank wear is not determined according to the hydrodynamic lubrication theory, but according to Hertz´s theory, i.e it depends on the ratio between the radius curviture and the characteristics of the materials in contact. The research in papers [4] , [5] and [6] shows that surface pressure and temperature changes in the contact zone of coupled pairs have a major impact on worm gear wear.
BOUNDARY CONDITIONS OF WORM GEARS
In modern construction solutions it is common to use worm gears made of tin bronze and worms made of hardened and whetted steel ( 
Pitting Resistance
Pitting is, in effect, the destruction of a tooth surface (shaped like small holes and dimples) as a result of huge surface pressures and dynamic stress wear. One can observe the difference between the initial and advanced stages of pitting. The initial stage of pitting is the result of the first phase of gears´ transmission. It has a positive effect because it results in a uniform stress distribution and a better contact pattern. When working conditions are unchanged, this type of pitting decreases over time, i.e. the damaging process is digressive. Medium and highly loaded worm gear pairs can be affected by advanced pitting and this constitutes a huge problem. This sort of pitting has a progressive character, so much so that destroyed surfaces are larger while at the same time the contact pattern is smaller. Consequently, the damaged surface keeps expanding continuously and 
Wear Load Capacity
During the period of mining wear, the continual tooth material wear width is smaller. In the first phase, the wear has a positive effect because one material rubs against another, thus allowing shapes of tooth surfaces to accommodate and consequently prevent any further wear. However, in the cases of high intensity rubbing, the wear resistance can be a criterion for a working period. The wear basically depends on working criteria. Changing shaft rotation conditions and the working mode, as well as terming the transmission gear on and off, result in increased wear. By using hard and quality worm tooth flanks (case carburising, whetting, polishing) one can reduce wear. According to the DIN 3996 [1] , the wear safety S W is calculated on the basis of the permissible wear δ Wlimn and abrasive wear in the normal section δ Wn , according to the following equation (2).
Root Strength of Teeth
Worm gear pairs have dangerous working loads only in worm gear tooth root, considering that they are less resistant and less durable in comparison to worm teeth. In the worm gear tooth root there is a complicated load, and the dominant stresses are shear and bending. Worm gear tooth breakage is very rare. The most common causes lie in striking overloads, when loads appear larger than the static strength of the material. The wear is also a significant cause of tooth breakage, since wear diminishes its cross-section. According to the DIN 3996 [1] , the safety of the teeth root strength S F is calculated according to the following equation (3):
where:
 Fkr -permissible shear stress,  F -shear stress.
Thermal Stability
When designing a gearbox, one should also consider the heat generated inside the gearbox (efficiency of gearing, friction of bearings, and friction in sealing). This parameter is not so important in spur or bevel gearing, but it is in worm gearing. As worm gearing efficiency is considerably lower than that of spur or bevel gearing, far more heat is generated in the gearing process and has to be removed. Therefore, thermal safety has great importance for a correct design, to ensure gearbox function within the permitted temperature range of oil. Thermal design/safety tends to be one of the limiting factors when designing transmissions. According to the DIN 3996 [1] , thermal safety S T is calculated according to the following equation (4) 
Worm Shaft Deflection
A worm shaft is loaded by radial, axial and tangential force, which leads to considerable bending of the shaft, considering the relatively large distance between bearings. The shaft deflects due to bending which can lead to contact interference. The tangential force depends on friction against the teeth flanks. Thus, in the event of insufficient lubricating, the friction force increases, which results in a considerable deflection of a worm shaft. When loads and revolutions per minute change, the contact between tooth flanks decreases, as well as the local overload of the aforementioned. This can also result in a deflection of a worm shaft. Monitoring of the work correctness is based on a control of the contact line between a tooth surface and on a control of a transmission gear thermal stability. According to the DIN 3996 [1] , a worm deflection safety S F is calculated according to the following equation ( where: δ m -a worm shaft deflection, δ lim -a permissible worm shaft deflection.
LOAD CAPACITY OF WORM GEARS ACCORDING TO DIN 3996/2012
An analysis of a worm gear load capacity is made for the family of gear drives with the characteristics given in Table 1 . The calculation of a worm gear load capacity according to the DIN 3996 [1] has been performed on the basis of 4 criteria:  Pitting resistance,  Wear load capacity,  Root strength of teeth and  Thermal stability. Wheel material CuSn12-C-GZ; CuAl10Fe5Ni5-C-GZ; EN-GJS-400-15
Worm material 16MnCr5
Input speed [min Table 2 . One should, however, bear in mind the interconnection between various forms of damage, first and foremost between wear and pitting [7] . Accordingly, the increase in load capacity in comparison to wear significantly affects the load capacity of the entire transmission gear. The same observation applies to thermal stability of transmission gears. 
Fig.4. Comparison of boundary conditions of 81 worm gear pairs
From the viewpoint of utilisation of available worm gear transmissions, it is extremely important that worm gear has a similar capacity for all boundary conditions. In the analysis it has been marked as uniform (UN -uniform load capacity), i.e. uneven load capacity (UN -uneven load capacity). Out of 81 gears only 23 gears exhibit uniform load capacity, in 13 gears the load capacity is approximately uniform, while in 45 gears the load capacity is uneven. The best utilisation of available worm gear resources has been obtained in a gear with a tin bronze pinion.
